The evaluation of natural killer (NK) cell activity has been included in a battery of assays used in epidemiological studies to detect early derangements in the immune system associated with several diseases [J_4] 3 Indeed, acute and chronic stress [5] [6] [7] , intense physical activity [8] [9] [10] , exposure to toxic substances [11] , and unhealthy life-styles [12] [13] [14] [15] environmental and basic sciences, epidemiology, preventive medicine, and toxicology [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
We have developed a safe, nonradioactive procedure for the detection of N'K cell cytolysis by measuring cell-released metal by graphite furnace atomic absorption spectroscopy (GF-AAS). This technique could be routinely adopted in any type of laboratory, and research laboratories, even if authorized to use radioactive reagents, could move away from radioactive techniques, especially if they are already equipped with GF-AAS.
To our knowledge, the measurement of MCr released from target cells is the only widely adopted method for evaluating NK cell activity [2 7-29] . Potential alternatives such as the use of fluorescent markers [30] [31] [32] , evaluation of endogenous enzymes released from the cells / 33, 34] , and automated colorimetric assays [35] are still in experimental stages. Although other radioactive tracers, e.g., 75Se, have been used [36, 37] , the only nonradioactive element proposed for this use is Eu, which appears promising for high sensitivity and rapidity [38] [39] [40] . At present, however, its cost is prohibitive.
We propose here a method based on labeling target cells (K562) with nonradioactive Cr as Na,Cr04 and evaluating the release of the label by cell lysis in terms of absolute metal concentration.
Compared with the conventional 1Cr assay, our method has several advantages, particularly avoidance of the radioactive tracer, which emits gamma rays and presents health hazards for workers.
Furthermore, Na,Cr04 is inexpensive, does not require special facilities and waste disposal, and has unlimited storage time. In a previous paper, we validated the proposed method by comparing results of the "cold" assay with the radioactive Cr assay for each individual [41] . Here, we describe in detail how the released Cr can be accurately measured by GF-AAS. We also compare the calibration curve for NK cytotoxicity obtained with the new method with an independent calibration curve obtained by using 5tmCr. [42] [43] [44] . The optimal labeling conditions and the rate of Cr uptake by targets are analyzed and described in detail.
was then adjusted to 5 X 10" cellsfL and used to prepare lower concentrations by serial twofold dilutions in complete medium.
Target cells. The human erythroleukemic cell line K562 was used as target [45] . Cells were maintained in complete medium in tissue culture flasks, and half of the medium was changed every 2 days. having selected this number on the basis of preliminary experiments (described later) and taking into account the limit of detection for Cr by GF-AAS.
NKytolyticassay.
We pipetted 100 ML of labeled target cells into each well of 96-well round-bottom
microplates.
An equal volume (100 ML) of different concentrations of effector cells was added to give effector:target (E:T) ratios from 100:1 to 1:1. Assay of each concentration was performed in quadruplicate. The plates were centrifuged for 2 mm at lOOg and incubated for 4 h in a humidified C02-enriched atmosphere at 37 "C. Spontaneous release was determined by incubating target cells with complete medium only (0.2 mL), and the maximum release by lysing cells with detergent (Nonidet P40, final concentration 20 mLIL). After incubation, the plates were centrifuged again for 2 mm at IOOg, and 100 ML of supernate was immediately collected in polystyrene sample cups for measuring Cr. The entire series of samples was then stored at 4 #{176}C or -20 #{176}C and reexamined after 1 week.
Release of Cr. The amounts of Cr released in the supernateS were measured by GF-AAS with a tungsten-halogen arc background corrector and, as a light source, a hollow cathode lamp for Cr. A calibration curve was prepared daily in complete medium plus detergent
Mmol/L), which is within the linear region of the calibration curve.
From the absolute amounts of Cr measured in the supernates, we calculated the percentage of specific marker release according to the formula:
Chromium uptake by K562 cells. Optimum labeling conditions were selected after preliminary experiments performed to verify the trend of Cr uptake by targets according to time, concentrations of metal, and number of cells used in the experiments. Sodium chromate was added to the culture medium at 260-1300 ILg/L (5-2 5 LmolfL), and cells were incubated for 1, 12, and 24 Experiments were performed to define the trend of Cr uptake in K562 and the optimal Cr labeling conditions. A progressive increase in intracellular Cr was observed after increasing incubation times and metal concentrations (Fig. 2) . After a 1-h incubation, the amount of Cr incorporated in cells (expressed as ng/104 cells) was limited and not directly proportional to the concentration of Cr, whereas a dose-response relation appeared after a 12-h incubation (r = 0.981, P <0.001). Cr added, gtg/L 
.5%).
The NK activity of 16 healthy volunteers is presented in Table 3 , both as absolute Cr amounts measured in supernates and percent of Cr released. At each E:T ratio, the standard percent lysis evaluated by the conventional 5mCr assay and by using the same targets in 18 controls is reported for comparison. The accuracy of the proposed method was established by comparing results obtained for NK activity from donors analyzed by both conventional 5mCr and our new assay [41] . Table 2 . PrecisIon of Cr analysis by GF-AAS to evaluate NK cell activity.
WIthIn run (n = 5)
Between run (n = 6)" ReproducIbility (n = 6)#{176} Regression analyses showed a highly significant correlation (r = 0.932, P <0.001), with slope of 0.99 and intercept of -0.39. Fig.   4 shows typical curves obtained by both methods for the same low, normal, and high responders. Normal responders had cytotoxicity within the normal range (mean ± 2 SD) of our laboratory (see Table 3 ); individuals whose NK activity was below or above the normal range were defined as low and high responders, respectively. To verify the effect of storage on measurements, we analyzed the entire series of E:T ratios for six samples immediately, and then stored the remaining supernates at -20 #{176}C for I week before analyzing again. For each E:T ratio, results for the samples upon reexamination did not vary from the original results obtained with GF-AAS (Table 4) .
Discussion
This new labeling technique based on use of nonradioactive metal and GF-AAS analysis is promising and produces good results in the detection of NK cell activity. The use of a nonradioactive tracer with no hazards for the health of workers is undoubtedly a real advantage, especially considering that our method provides excellent results in comparison with conventional 5mCr analysis [41] . GF-AAS analysis assures high sensitivity, precision for replicates, and accuracy comparable with that Furthermore, the small sample requirement (20 ML) suggests that the analysis can be repeated on the same specimen. Studies are now in progress to analyze the reliability of using a faster furnace program to reduce the sample reading to -1 mm.
Another major advantage concerns the significant reduction in costs, since the required Cr salt (Na,Cr04) is inexpensive, and the only material to be changed is the graphite furnace, which costs -$60 (US) and yields -200 readings, or 10 assays (entire series of E:T ratios in triplicate).
Therefore, we calculated a unit price for assay of $6 (US) plus a small extra cost for purge gas (argon). The actual cost of conventional 51Cr assays is complicated, given very fast decay time of 51Cr, which compels one to vary the volumes for labeling and use it quickly. Moreover, efficient utilization of the radioactive tracer, i.e., performing many assays in a few days, may not always be feasible and increases costs for waste material.
From our experiments on Cr uptake by target cells, the optimal cell number to use was 10. A higher nuniher gave less Cr uptake, and a lower number (5000) had increased imprecision. Furthermore, we selected 520 Mg/L (10 Mmol/L) overnight (-16-18 h) as the optimal Cr labeling conditions to guarantee linearity, reproducibility, and suffIcient
Cr quantities. Satisfactory results were also obtained by using Cr at the lowest tested concentration (260 igIL); however, at this concentration, the amount of Cr in cells can be insufficient for reading so we had to increase the number of target cells to 2 X l0. In this case, the 15.6 ± 6.7
6:1 9.5 ± 3.7 10.3 ± 3.7
Six samples were analyzed immediately and after storage in freezer 1-20 C) for 1 week. All differences were not statistically significant at the paired f-test. We also acknowledge all volunteers who donated blood used in this study (donors and staff of the local association of blood donors, AVIS).
